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AGE OF THE CARTILAGE TISSUE DETERMINES ITS MATRIX
DEPOSITION CAPABILITIES
N. Ahmed, D. Taylor, R. Kandel. SLRI, Toronto, ON, Canada
Purpose: Proper selection of cell source is a persisting problem
for cartilage tissue engineering because it is difﬁcult to attain
sufﬁcient number of chondrocytes from sparsely cellular cartilage tissue.
Chondrocytes can be increased in number by cell culture however they
readily dedifferentiate towards ﬁbroblast like and lose their chondrocytic
phenotype. Previously we have shown that co-culture of these cultured
passaged dedifferentiated chondrocytes with small numbers of primary
chondrocytes induces redifferentiation in dedifferentiated cells. Here we
show that the age affects ability of primary chondrocytes to induce
redifferentiation in passaged cells.
Methods: Cell preparation: Human fetal (17 weeks), human adult articular
(18–60 yrs.) and bovine articular cartilage (young 6–9 months, old
24–36 months) were harvested and chondrocytes were isolated by
sequential enzymatic digestion. Co-culture: the passaged dedifferentiated
cells were mixed with primary chondrocytes at ratio of 4:1 and co-
cultured on Millicell™ ﬁlter inserts which allow for 3D culture in 20%
FBS containing DMEM-HG. Analysis: After 4 weeks the newly formed
tissue was characterized and compared with bovine and human primary
chondrocyte cultures. Histological qualitative assessment was done by
Toluidine Blue staining. Proteoglycan accumulation was quantitatively
determined by dimethylmethylene blue dye-binding assay. Values were
normalized to total DNA content determined by Hoechst 33258 dye
binding assay. Gene expression was quantiﬁed by qPCR. Statistics: Results
were expressed as mean ± SD of 3 independent experiments and
signiﬁcance was determined by one-way ANOVA.
Results: To determine the effect of age on the ability of chondrocytes
to accumulate proteoglycans and induce redifferentiation chondrocytes
from older and younger cows were compared with each other after
4 weeks of in vitro culture (Fig. 1).
After 4 weeks when visualized under microscope after Toluidine blue
staining more young cells appeared to be alive and surrounded by
newly deposited cartilaginous matrix. Dimethylmethylene blue assay
showed that the proteoglycan content of tissue formed by co-cultured
of young primary chondrocytes and old passaged cells at 4 weeks
was signiﬁcantly higher than tissue formed by the co-culture with old
primary chondrocytes. qPCR showed higher gene expression of type
II collagen, aggrecan, and SOX9. passged cells alone failed to produce
cartilaginous matrix regardless of age or species difference.
Conclusion: We conclude that young primary chondrocytes produce
factors which affect the cartilaginous matrix deposition capabilities of
dedifferentiated cells. Further studies on human fetal chondrocytes are
in progress.
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Fig.1. Bovine primary chondrocytes cultured for 4 weeks in 3D culture
and stained with Toluidine Blue. (A) Young chondrocytes (B) Old
chondrocytes.
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Purpose: Today, here is no treatment to cure osteoarthritis (OA) or to
delay effectively its progression. Current treatments are mainly based
on the alleviation of painful symptoms but are unable to restore the
cartilage lining the joint. The repair of cartilage lesion still remains a great
challenge for orthopaedic surgeons. The development of new scaffolds
for tissue engineering is a promising approach. Herein, we report the
effects of alginate-chitosan hydrogel (AC) beads on the metabolism of
chondrocytes.
Methods: Human chondrocytes were isolated from OA cartilage obtained
from knee joints after replacement surgery and then cultured for
21 days either in AC beads or in alginate (A) beads. AC beads were
prepared using ultra-pure chitosan (KiOmedine-CsU from KitoZyme)
with molecular weight of 40 K (AC40) or 20 K (AC20) and alginate
from Sigma. The two polymer solutions were prepared separately before
being mixed together. Cells were added to the polymer mixture and the
cell-containing beads prepared by precipitation in a calcium chloride
solution. The chondrocytes embedded in the beads (0.5 to 1 x 105
cells/bead) were then cultured for 21 days in DMEM supplemented with
10% foetal bovine serum, 10 mM HEPES, 100 U/ml penicillin, 100mg/ml
streptomycin, 2 mM L-glutamine, 50mg/ml ascorbic acid and 20mg/ml
proline. Histological staining of the parafﬁne embedded beads was
performed with hematoxylin/eosin (HE). Cell viability was determined
by quantifying the amount of lactate deshydrogenase (LDH) released in
the culture medium. Interleukin (IL)-6 and -8, Matrix MetalloProteinase
(MMP)-3 and aggrecan (AGG) were measured by speciﬁc sandwich
enzyme-linked immunoabsorbent assays (ELISA). A spectrophotometric
method based upon the Griess reaction was used to quantify nitric oxide
(NO) product.
Results: AC and A beads were successfully prepared. Histological analysis
of AC beads showed a homogeneous distribution of chitosan trabeculae
in the alginate matrix and the presence of chondrocytes in contact
with chitosan trabeculae (Figure 1). LDH level remained below the
limit of detection over the culture duration suggesting that the AC
had no cytotoxic effect. By comparison with cells cultured in A beads,
chondrocytes cultured in AC40 or AC20 beads produced signiﬁcantly
higher amounts of AGG but lower levels of MMP-3, NO, IL-6 and IL-8
factors (Table 1).
Fig. 1. (A) Histology of chondrocytes (arrows) cultured in AC20 during
21 days. (B) Gross observation of AC20 beads.
Table 1. AGG, MMP-3, NO, IL-6 and IL-8 production of chondrocyte
in AC40 and AC20 beads. Results are presented as % of production of
chondrocytes in A beads.
AGG MMP-3 NO IL-6 IL-8
AC40 217.68±72.24∗∗∗ 59.04±30.04∗∗ 46.82±6.21∗∗∗ 19.17±14.8∗∗∗ 17.16±3.37∗∗∗
AC20 154.27±15.23∗∗ 21.69±16.64∗∗∗ 42.12±20.20∗∗∗ 12.67±2.58∗∗∗ 6.12±3.37∗∗∗
Results expressed as mean±SEM of 3 independent experiments performed with cartilage specimens coming
from different donors. Each experimental condition was performed in triplicate. Comparison of mean values
was performed by Student t parametric analysis. ∗∗∗p < 0.001, ∗∗p < 0.01. Production of cells in AC beads was
signiﬁcantly different than production of cells in A beads.
Conclusions: AC beads reduce the production of inﬂammatory and
catabolic mediators by OA chondrocytes and promotes the synthesis of
cartilage-speciﬁc matrix components. These particular effects indicate
that AC beads are a potential carrier for cell transplantation, and
particularly to repair cartilage defects.
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REPAIRING ARTICULAR CARTILAGE WITH HUMAN AMNIOTIC
MEMBRANE EPITHELIAL AND MESENCHYMAL STEM CELLS
E. Muin˜os-Lopez1, S.M. Diaz-Prado1,2, T. Hermida-Go´mez1, E. Rendal-
Va´zquez3, I. Fuentes-Boquete1,2, F.J. De Toro1,2, F.J. Blanco1. 1INIBIC-CHUAC,
A Corun˜a, Spain; 2INIBIC-Univ. of A Corun˜a, A Corun˜a, Spain; 3Cryobiology
Unit. CHUAC, A Corun˜a, Spain
Purpose: There is an increasing interest about human amniotic
membrane (HAM) for its use in the ﬁeld of regenerative medicine. Two
kinds of progenitor cells can be remove from the amniotic membrane,
the amniotic mesenchymal stromal cells (hAMSC) and amniotic epithelial
cells (hAEC). Both cell types are capable to differentiate towards three
germinal cell lines. It has large advantages over the others sources of
